Four groups of inbred male LEW rats were examined: A, germfree athymicj B, specified pathogen free (SPF) athymicj C, germfree euthymicj D, SPF euthymic. All animals were killed at 18 weeks and compared with respect to body weight, histological appearance and cell density of the lymphoid organs, haematological values and differential counts of bone marrow, peripheral blood and lymph.
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Departments of Oral
Athymic rats had a lower body weight, less densely populated lymphoid organs, and fewer lymphocytes in the blood and lymph compared with euthymic animals. No difference was seen between athymic rats under germfree and SPF conditions, and in general the differences between athymic and euthymic animals were less pronounced under germfree conditions.
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For many years, colonies of germfree animals have been important tools in the study of diseases of suspected microbial background (Foster, 1980; Coates, 1982; Sasaki, 1985) . In recent years, the athymic nude rat has found application in several studies dealing with the thymic dependence of various diseases (Hinrichs & Humphres, 1983; Ito & Kamiyama, 1984; Taubman et al., 1984) .
Recently, our laboratory established a colony of germfree athymic and euthymic rats (Klausen et al., 1986 ). Since the model is very Received 3 February 1987 . Accepted 22 May 1987 attractive for the study of periodontal disease as well as other diseases with complex hostparasite interactions, we decided to describe these animals further with special reference to the cellular components of lymphoid organs, blood and lymph.
For comparison, agematched athymic and euthymic specifiedpathogen-free (SPF) animals were included in the investigation.
Materials and methods

Animals
A total of 10 athymic (nude) rnu/rnu and eleven euthymic rnu/+ male LEW/Mol rats, 18 weeks old, were used for the study. The athymic rats were in the tenth backcross-intercross of inbreeding into the LEW strain, at a stage where skin grafts from the athymic rats were not rejected by inbred LEW rats and no difference was seen in mixed lymphocyte reactions within and between the animals.
Five athymic and five euthymic rats were kept under SPF conditions in Makrolon® type III cages (Scanbur Ltd, K0ge) with stainless steel tops and sterile cage bedding. They had autoclaved Altromin® 1410 food pellets (Altromin International Tier-Labor-Service, Lage, FRG) and distilled drinking water ad libitum.
Five athymic and six euthymic rats were kept under germfree conditions in positive pressure isolators (MP Standard 1020: Metall + Plastic, 07760 Radolfzell, FRG). Food and caging were similar in the isolators and the SPF areas. Equipment was sterilized by means of 2% peracetic acid, irradiation (minimum 5 Mrad !lOCo) and saturated steam at 121°C for at least 20 min or air at 160°c for at least 4 h. Faeces smears were regularly examined for bacterial growth on blood agar plates. The procedures in connection with the gene transfer as well as establishment of the germfree colony have been described in detail previously (Hougen & Klausen, 1984; Klausen et at., 1986) .
Quantitation procedures and differential counts
The animals were anaesthetized with Brietal®, 0·01 ml of a 2% solution per gram body weight. Lymph was obtained from a cervical thoracic duct fistula. Blood was obtained from the right subclavian artery, the animals were exsanguinated and the organs were weighed. Part of the lymphoid organs (thymus, spleen, mesenteric lymph node, one inguinal node) were thereafter homogenized in a Cellector® sieve (Belleo Glass, Vineland, NJ, USA) in order to separate lymphoid cells from the matrix.
One femur of each animal was carefully flushed with fetal calf serum. Cells from the thoracic duct lymph, lymph nodes, spleen, femur and thymus were diluted in Turk's solution and counted in Burker Turk counting chambers. Blood cell counts, haemoglobin, erythrocyte volume fraction, mean cell volume and mean cell haemoglobin content measurements were performed in a Coulter Counter® model 5s (Coulter Electronics Ltd, Harpenden, Herts, UK). For differential counts smears from peripheral blood and bone marrow were stained with May-Grunwald Giemsa stain and 200 nucleated cells were counted. We used a slight modification of the classification described by Rygaard and Povlsen (1974) .
Histological procedures
Peripheral lymphoid organs (mesenteric and inguinal lymph nodes and part of the spleen) from all animals were fixed in formalin, embedded in paraffin wax, cut in 8 !-lm sections and stained with haematoxylin and eosin (H&E) for histological examination.
Statistical analyses
Statistical procedures were performed at the North European Universities' Computing Centre (NEUCC), Lundtofte, Denmark, using the Statistical Analysis System (SAS). The Kruskal-Wallis test was applied for analysing differences between the four groups as a whole, and the Mann-Whitney U test was used to analyse differences between relevant groups, two by two. For the rejection of hypotheses the 5% level of significance was chosen.
Results
Animal weights
The Kruskal-Wallis test indicated a difference between the groups with respect to body weight (Table 1) . Euthymic animals tended to be heavier than nudes, and conventional to be heavier than germfree.
The difference was significant between athymic and euthymic SPF rats.
Organ weights and cellularity
Some differences in lymphoid organ weights 
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were found between the groups (data not presented) but when the organ weights were expressed as a percentage of body weight no systematic differences were found although spleens tended to be larger in heterozygotes (Table 1) .
In general the lymphoid organs tended to be more densely populated in euthymic animals compared with nudes, and in SPF rats compared with germfree rats (Table 2 ). Significant differences were found between athymic and euthymic animals in the mesenteric and inguinal lymph nodes. No significant differences were found in a comparison of all germfree rats with all SPF rats, but the mesenteric lymph node cellularity was significantly higher in rnu/+ SPF rats compared with rnu/+ germfree rats.
Blood, lymph and bone marrow findings
Considerable differences were seen in the proportions and absolute numbers of leucocytes in peripheral blood (Table 3 ). The general trend was that athymic rats had significantly more granulocytes and monocytes and fewer lymphocytes than euthymic animals. When all germfree rats were compared with all SPF rats no significant differences were seen, but the differences between nude and euthymic rats were less pronounced under germfree conditions.
No significant pattern of differences was found in the red blood cell parameters.
The numbers of lymphocytes in thoracic duct lymph were 10 times higher in euthymic than in nude rats (Table 4) . This difference was Klausen & Hougen strongly significant, whereas no difference was found between germfree and SPF animals.
With respect to bone marrow cell counts the Kruskal-Wallis test revealed no significant differences between the groups, but the Mann-Whitney U test indicated that lymphocyte numbers were significantly higher in nude rats (Table 4) .
Histology
The histological sections of spleen and lymph nodes of the nude rats showed considerable lymphocyte depletion in the thymus-dependent zones, i.e. the peri-arteriolar area of the splenic white pulp and the paracortex of the lymph nodes. The histological appearances of these organs in germfree animals were indistinguishable from those found in corresponding SPF animals.
Discussion
The present study supports the findings of a previous paper from this laboratory (at an earlier stage of transfer of the rnu gene into the LEW strain (Hougen & Klausen, 1984» on several points. In both investigations it was found that nude rats have lower body weights, lower densities of peripheral lymphoid organs and much lower cell numbers in bone marrow and thoracic duct lymph than euthymic rats of the same strain. On one point the present study is in marked disagreement with the previous one, however; in this work the nude rats seem to have more peripheral blood granulocytes and fewer lymphocytes than euthymic rats, whereas the opposite was found by Hougen
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and Klausen (1984) . The present results are in accord with studies of nude mice which revealed a lymphopenia in these animals (Rygaard & Povlsen, 1974; Hougen et at., 1977) . The lower lymphocyte counts in nude rats fit well with the lower cell number in thoracic duct lymph and the lower cell densities in spleen and lymph nodes, since all these findings can be ascribed to the thymic aplasia of the animals (Festing et at., 1978) .
Previous
investigations have indicated differences between germfree and conventional rats with respect to life span (Pollard & Wostmann, 1985) , intake of food and water, energy metabolism (Wostmann et at., 1983) and blood levels of thyroxine, testosterone, glucose, chloride, globulin and total protein (Snyder & Wostmann, 1985) . Interesting immunological findings include a higher natural killer cell activity (Tazume, Wade & Pollard, 1985) and increased numbers of IgE+ and IgA + cells in Peyer's patches of germfree rats (Durkin & Chice, 1985) . In the present study no differences were found when all germfree animals were compared with all SPF animals. However, the SPF rnu/+ rats had significantly higher cellularity of mesenteric lymph nodes and significantly more S.M. (1985) . Modulation of IgE isotype expression on B lymphocytes in Peyer's patches lymphocytes and totalleucocytes in peripheral blood than their germfree counterparts. No significant differences were found between SPF and germfree nude rats. These findings suggest that the germfree, although not antigen-free, environment renders less antigenic stimulation to the immune system of euthymic rats, leaving them slightly less activated.
The nude rat, however, is born immune deficient, and apparently germfree surroundings do not cause any substantial changes in the immune status of this animal.
It is our belief that the establishment of a colony of inbred germfree athymic and euthymic rats can be valuable to future research, especially if the model is supplemented with methods for the weakening of B lymphocytes (Rolstad et at., 1985) and reconstitution of the T-Iymphocyte defect (Schuurman etat., 1985; Hougen etat., 1987) . for competent technical assistance. The study was supported by Statens lregevidenskabelige Forskningsrad (grant no. 12-4306) and by Hafnia-Haand i Haand Fandel. of germfree rats. In Germfree Research: Microf7ora
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